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Abstract

Small high-resolution Earth observation satellites require precise optical alignment at the submicron level.
However, misalignments can occur due to the influence of external factors during the launch and operation
despite the sufficient alignment processes that take place before the launch. Thus, satellites need to realign
their optical elements in orbit in what is known as a refocusing process to compensate for any
misalignments. Refocusing algorithms developed for satellites have only considered de-space, which is the
most sensitive factor with respect to image quality. However, the existing algorithms can cause correction
error when inner and external forces generate tilt amount in an optical system. The present work suggests an
improved online refocusing algorithm by considering the tilting effect for application in the case of a
de-spaced and tilted optical system. In addition, the algorithm is considered to be efficient in terms of time
and cost because it is designed to be used as an online method that does not require ground communication.
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Fig. 1 Schematic of the Refocusing Process

S AFF AHoAE BB, T, o] s

1=}
377 Atk(Figure 2). Tizdo]x=g FA] gk
1

=
82 Aele] st wAsE AL

6_[
¢ 7733 3 2
oju @), ma TAEE Fo ade] Filo] Fo|
3

DESPACE TILT DECENTER

Fig. 2 Definition of Misalignments of Optical
System : Despace, Tilt, Decenter

A7 ke A BEAL S HEE AR A
< 19849 SPOT #$14& EAFEE CNES(Centre
National d'Etudes Spatiales)o]1tH4]. o]F 1994
e 9FE mzl SPOT1 9149 HRV(High
Resolution Visible) 7t} 2]|X A S AFHo=
gatolet. 200299l SPOTS 9149 F 79
HRG(High Resolution Geometric) 7}¥|2}& o]-&3}o]
MTFE F&3te B24S AlAlgkal HRG9F HRS(High
Resolution Stereoscopic) 7tH|2te] B EAN S 3
s EH5]. CNESE 2011 HALE Pleiades 91439l
A= ¥ 4249 PSF(Point Spread Function)e] 3
of S T3 MIFE A3t HE2ALS Fdst
Ak A WAYUSFY olFow oy A FelA 9

AR

T gAY PA2 gt 4
3

AY ol A EUMETSAT (European
Organisation for the Exploitation of
Meteorological — Satellites)®] Meteosat Second
Generation(2002), NASA9] Space Spitzer
Telescope(2003), Satrec Initiative )

DubaiSat(2009) ¥ Deimos-2(2009), KARI (Korea
Institute) 2]
KOMPSAT-3(2012) 59 #1140l #date] 37l o]
ATH7-11].

Aerospace Research



ALl tzd o]

1

FAS-FH7

=

66

I T
ﬂo_ogﬂﬂx@o =
rddgPaT TrrrEwTs %]1
W RS e R PN o T =n S G S —
= > Jjo T ® n = oW o o= B T N o= o R
S W M W oz B 2o & " X oo T . ~ I B
Te o ge M T T o P w4 E T TdE mzhex
— 1= _— A . = o
5 - e W w > o i = .oNr _ﬂu MM T o = ﬂM W £ iiN o il M ﬂM = o W_l ~ = = 1 X4 N
e o ﬁkﬂﬂ%ﬂj%@ GO - mlmE)%Uﬂﬂﬁ_o%
él \mw_l 0 ﬁl ‘_er| ZMD ™ IME o ﬂ_l XL . ,D| _MuT QL X ,ml fand ,D| ﬂx ﬂl o M_MI INAV T ,D| ﬂ_l ﬂw fma_ —_ Nro
— 0 o N
.ﬂ%%@uume Imﬂﬂo@.E% zTM _,%Arar.g_i%wﬁo dogF g wE T
oy PIE T e 5T i+ s Ty BL L g !
g BN o E T J%Ltﬂﬂ%aqg _%wmiqﬂzpmmmﬂ%%ﬁﬂaﬂ%w
w20 A4S e B LTy TCZE ple ® o T LE YT eaeo
T W < ol o Ry Eo B W T T g T I 5 WR B L
HEATOE].EL o W T oo oW o o 3 ~ W B S do E X
Q%MH@% mn_“_ Ao%mﬁﬂmwﬂﬁe_b 2%%%%E@ﬂ%ﬂﬁ%k%%%ﬂ@
g B OE AR [ % RO % . = % o L T X T
—_— T R T o A R Chd %0 o . AP fuy ® X L TR
A zLawaww@Hﬂ Awq;am;_mww%w_ﬂwpo%qmq%
o T 2 _ = T 0 ! _—
7o mm o ase B o o ma 7w © T W AR wﬂa i ay mm L N m MR g ® = 9
WATWV%MLX T o YRR A wx &g R n o oF < N
= X s X o~ ofi Nm B y o < = MH oy =0 T " [ia o X N T ogg 8 - 9 o W
oﬂam_xmﬂW% ﬂ?ﬂg_. ﬂi;bmm zﬂmemﬂﬁ?%ﬂﬁaﬂwﬂw%mﬁmﬁﬂztﬁwx
of W W o %0 mn N~ q,u_wM o owp W g _@u ol w f,_A|l o ==} s =10 53 4 £l < m R oF ° mo 1_ML o~ %
JFET® AT o aE= " 4T w¥I Mﬂﬁoarfruo@%i@xmﬂar.ﬂu
° WoR ) Hr N R T n| = oy 3 B o
Mo e - T o g op N oo B
ol ] T o) = gl R e s mo T
N = A T g o °° —~ N <2 o
wWoH oW g o X o o do o
| w RO E B E X @ o %}oﬂ
= Bl oo i R I SN
C I ) =l TR L My
%o#axaﬁ_i% drﬂ?i,% S oo R ogs BB = FTAEH oFE Mo
U = R w8 ERt B oz VO T K S < S TR P T T oL T
o X ot o) 2y L o o= o#a ﬂ; — = X o ‘_lryl ﬂw‘._ ) w gl 2 ot N Z.t o EM ZMD ET ,D| xX ﬂwo
S ymﬂaaa_ﬂ T o 1%Hﬁo£ﬂ%§aﬂ%m%
R - M2 TR meogumam_x% A TG e o 0
O i =& g B I NP 2 EOZTXOOW%EJ%%&
— o < yo o — n M o M oo w5 =5 o =
o ° T o X XA % = Gy Tl ] o o = 0 = L o= o~ F X %O o2 o N T
T ox o - X W ox L I = o < G I Sl (o
%.omﬂ{% S a B {4t o g o= Moo © T E R T oy & B
e E LT T 5 o L I S waﬁ,%;jigyﬂﬂ%mm T
N G S %Jﬂ;z%&% o, B P g P % B T
Lm_@_umov R T o i T o5 o e i I =
aﬂuﬂ?womo TR g I iiﬂﬂ%EﬂA ﬂ_@.ﬁﬂnamamuﬂd.imeo_
ToErry 2% i S DR S T x W
mwﬂrm%ﬁg. J%ﬂo%ﬂu Lﬂz_oﬂ = I T mafrm%%_%oo_amqri ~
QMM%.EI.EI&FEW“ENW'E wﬁuﬂuo‘_wwﬂﬂraﬂﬂ MﬂFﬂAHaEEﬂmlﬂﬂcﬂu%jﬁ o
™ WK o = . i U L s N i = o P J
E zm,mﬁmmz%gwru& = W & RS ﬂEL_Lxﬂ%ij%}arzﬂarh
loozriis2502T 7 TiZzeTil SlAEIuERTETenE-
~ — N _ 2 o~ . ]ﬂd o 2 0 _ m o= o X mo ol m_x
< E1b:_§koﬂk%7 = T oo L baw Feg ool T g
= N m o T o N B %o oF ooy o T or 5 o U
S W ) o oo TR e L _E
o 5 _ ) B ‘I,mvlﬂ.av N 1 mo . —
%wﬂﬂ%%ﬁ%%%%ﬁd% i_%wquyr1moﬂﬁ ﬁ%mwwiﬂﬂﬂwwmﬁﬂwﬂ
= o) o) oo n 0 — 7 0 N
T o o o W oR O ) - . Mo o oW Wm ERNC zuhr o wﬂm o o B
vl R T I I ~ S o ur goﬂw
TOm M T it w K = |
) T Homodo xom N
p Il I I e o 2
HZXMﬂ‘OI‘w



14 Fhvele] HE a¥E aes 289l gxAY dags 67
AMAE AREgt. AAl] ARE-E A= Cannoniit 9] Aol Aeko @ F2 FhAz1e9l wale] AlgETH14].
EOS-1D Mark 3 CMOS A& shfel o4 F7):= 2 AFel A AAst A st FEA F82 FhA e
8.2 umo] vk, 9 gl FE WS FrhE FAR FUIE-THA
VG FAe ddse AREE MTFE ARSaHsle #Q g o R ARSI FHE-FHA 2] T o]
u, MTE7} dolf~E F3(¢F 60 lines/mm)ol A AL FazxdAg v AF deolrk gol AA
AA Fe A"l A T HFT ATl 10% oY Al 2337 S A e WAl ZAHS 71A
U RS ExAE AASAT([13]. wEkA FEA ), TA TGz, @ukgAE, vASAE G E @
9] AAF A|="le] MTFE 40%% 71g3ta Az 2 S B3 RAge RN P 45E FHA. o] W
Holl oJs MTF #3t& m#ste] 5 JeA e 4 e F2 AokE Zhete gdS zhal 9lom® o
Al e 30% ool HEE sglvh Hx F3A Y o wE AW TS BAsy] & 2719 W= G
T8 AA AFS2 Table 19 AElst] YA Ad 179 4= FYEYE FUtE AAE Y. BE
He 840 MEs HPs s AHAst =9 2 A
Table 1 Optical Design Requirements Ho] golsl® 33t Figure 32 AFH fHE-7}
- —— Azl gae] Feel ¥ £A% AAUZS A
Diameter 200mm Aperture Dia. &3 25 Yeldth
Spectral .
480 ~ 650mm, Multi Spectral
Range Schmidt Plate
Altitude 685 km
GSD 2.8m
Swath Width 12 km
) 28.7mm X 19.1mm
Size
Detec (3520 < 2336)
. Type | CMOS
or :
Pixel . .
. 82,um>< 82,um for MS Secondary Mirror Focus Mechanism
size
> 10%, @EOS, Nyquist Freq. Fig. 3 Structure of Schmidt-Cassegrain Type
MTF > 30%, @Optical Design, Telescope with Focus Mechanism
Nyquist Freq.
FOV £0.5° FA A A 7% Aol FukabAel ol@ A, =
o 08 mm Az WAUZ BH B2 Fu 59 AFS Fas)
aesilv14]. 53 FEgA A 53T 2% A4
€ AT fAd7MHEel R FR ] I77F 1Y
2.2 5% g2 4 q9e W AT o7t HLEE fesh e A}
Ao Al AT AA MAT AA ALK (Table DS Aol EHAE m ZAG Euo] AlekS me]dhe] i)
TAReR TR AT e & Aol Exon Ry oux WAXY do|, & F B 2
g dA= 3t A 22332 CODE V& o] &3}19 o]= 500 mm ©|3H7} HEE A st
TR A, Gutd oz JEAY AF5E HIs] 9 A% zeu|E-gbA e ol WAle] HalA o)A 2ok 3}
A A= A= MTF, 23t AE(Spot #H(Central Obstruction)dl 2]3t XHEAHsE F0|7]
Diagram), Field Curves o] vt 2Ag 33879 osle] BA 372 RA AASHTH =< 2pH
s Fsty] Skl UM AT AxE VEeE BAW O x| Tz 98 FEAZ Solo ol
A A E =23 At @32 wem o clste] Fa ul¥E
AR5 946l AHEEE Attt s a9k Zo] o= ko] 7hadtil olux o] AETGAES 7



AN duAES ALY AU A%

=3 FEHER FIAd AL HAYSZY A7}
Aastth, FUE-7RA 2l BA o] FeAlN = 2
= FHEY B FUE el Hlste] B0 JHeA}
o elg Fetggel vgwrk 7 Artiz]. G
Teae] AY A g Aol v U A 5
el iAotk mekA 7hE Rz @49 FA X
717 WIAUES dAste] A2 ge g0l s

.
49 nAol edns st FwAF TES
A% EAL WAUZ HAE 9iske] Bad ATz

3}

A A olw Al AN A7} GolstieE 69
aL, ojwA 8] gf=o] 1% oldtE wEslms A7

t. Figure 4 38t AA7 ¢a5d FSAS HER

x

(a) MTF

Diffraction MTF
[ves]

(b) Spot Diagram
o T ke

K S =
09 o

08
07
08
05
04
03
02
01

[
D 5 10 15 20 25 30 3 40 45 50 55 60

Soatial Frequency icyclesimm)

39.7% (60 lines/mm)

@ 1 Field
(c) Field Curves

6.5 ym @ 1 Field

(d) 3D layout

[

0.97% @ 1 Field
Fig. 4 Performance of the Designed Optical

System
Figure 4(a)9] MTF AXo|A] Nyquist 735 60

lines/mm 14 0O field/1 Field Z}Z]

875 30% olde wrEee Ae i‘?lﬂ?i‘? 23
g adelA MTF Ad=7h sldgdAded 23 2
ARG SS & 4 Ut} Figure 4(b)2] Spot Diagram
ol 1 Fieldo]¢ RMS #<& 6.5 umZ CMOS AlA
o] g A F7]Q 82pumUldl 5ol AE Felst
S}l Figure 4(c)9] Field CurvesolA JgtIo]
A Fes AT F dom Ao i 1 FieldolA
AW 0.97%= el Figure 4(d)e AA % st
Aol 3D s ydehdie AAS FsHAe] e Ed
7 B Abe] Ag7F 55 mm, ¥4 247} 30%,
2la FA dol7t 490 mm=Z A7 LFEAE v

s

N

N
w
)
ﬂ
N
-~
Y
)
o
R

M

.ﬂ

sl

2iQl 2[ZAHY LnE[E

71l &N
t} CNES¢] SPOT-5 H4e] 4%

- G 7Hillets ol&ste] Ao 22 &

S Zdste] F FHgke] MTF Hj& 2d& 0]%6}04

g] :]

CNES¢] Pleiades®] 7

w
um
|m
ﬂl|ﬂl
Kl
v
ok
o T

EAY Ve T

5 $ %
3 e AR, 2 0 Ee
el ARPEIE A AP DAL A
2 *

o] gato] tizwol X g

2]

A ¥]3l(Satellite Constellation
L+ Cluster)olyt  HoH] & (Formulation Flymg)a
o AFHSE T w 291 2EAY Ve UF



914 sidlete] 9E EvE e

ot

=il H¥AY dadE 69

o 9Ae FE&How HE T S AHdtsio)
3 ole g 2kl HEAAY LugFe Haye &
g A~ wAYSFA B
= & 5719k AA7E

o

el &
t]zso]z # olel FEYL WA HPolw AL
ol gelw EAN FuE AEe ZHow
S|

otk AA 4arelse CODE VE &83te] A%

FEAe] AdeAte] wE MTF vlo|HE FE3dhal

ofel whE BF& wAste] aekE k. CODE Vet

MATLAB®| ¢l AlEdIdS T & daelsd
o) 57

At 2 dargFe] e Hlal FA sl

il

3.1 2E 9 tfjAmolAo] FF
tadol~ 9 gES F3 e #AE Fotstr]
skl AAE FstA diste]l MTF delHE 3
a3tk dole 423 CODE Vol FHFo 714 A
Hoxakg Fojste] MIF Hlo|EE de= WAoR +
At deoly F&F WMee oA AA duds
°] B4 7 HeE e
ik ﬂMﬂol* WAyl we FstAe AT A
TS Fotstr] 9t tadolxart HASIS
°] Radial MTF Hl°o|H & FH 33t 344 thF
7t
o]

rlr é o

MTF ®¢]El& Radial MTF#HS tggong
@3] MTFZ Fdsit) tjado]xd wE MTF d
B]+= Figure 50 YERNATE.

AR

MTF

o
Despace of M2 (m)

Fig. 5 MTF VS De-space of M2

Figure 59 x5 ZFNAE 7oz H49 ¢
2do]lz & vEH vy ad fAelA e MTF
S uEkdn. a"eA & 5 3ol MTFE  ghol
+11pm HYE "ot 49 vi HE(Fluctuation)
o] WhAgt}. o] MFS o4ty dloJEE A% o]
Hz Walr] 95t AR J"S 3T o eAE
S7HARITE ek AB J" Al ol AR W9lE
—11pmel A 11 pum= AgHatdeh g A vo]H <}
AR I8 4o IAAFE(SSE:Sum of Square of
Error) % HdAF 2 2HRMSE:Root  Square of
Error)E a1#ste] 2} FElo] |54 RdRe] 718 7
< Fassleh 2ak FEe v REe A (DI

i

o
r

my, o&‘l
L

f(z) = ay +a,cos(wz) +b;sin (wz) + aycos (2wz)
+b,sin (2wz) )

tggow "dE oF #3 du JdFs 1y
skl FsAlo Table 29 77FA] Ao st
De-space VS MTF dlo|g6E &3t 43 4
olg ] AH ¥Y S F33to] Figure 69 LERHSATH

Table 2 7 Cases of Tilted Optical System

Case 1 | HEZ} 2ASA] 42 A5

Case 2 | aZ} ©E 100purado] 283k 2%

Case 3 | aZ} ©E 200purado] 283k 7%

Case 4 | pZt ©E 100 prado] 243k 7%

Case 5 | pZt ©E 200 purado] 243 7%

Case 6 | aZ¥ pZt ©HE 100prad©] HAY e 74 $-

Case 7 | aZt3} gzt HE 200purado] A3 75
" ’ M2 Despace (jm) g

Fig. 6 MTF VS De-space of M2 (@ Case 1~7

Figure 69 Hde 2t 59 s A4 14



70 o] thal- 4] &)

&7l

e WEs WAl ue 7ﬁﬁgf FAF A Zo)
7

Fd 5 ek U F4 E@%

= =
Al An Y F5E fo), YEI} 5 0F BAY

ZF A (2 A ()l ‘/]rEhH?i‘jr

folz) =0.144940.1892co0s (0.1393z)

—0.0013sin (0.1393z) +0.0631cos (0.2786z) (2)
—0.0033sin (0.2786z)

file) =1.933e — 4z +0.1894 (3)
S e 54 Al B e W dlele]
AA zoll wetd fi(2)E et 2ol A ¢ 9l
ct.

=klf,(z) —f,(x)]+ f,(x) 4)

2 (D] mAFE tado)x 3o, WEH] kZ F 2
ZEA o]t} wA Rl HEH] kE A|ASI vl o]
#o2E T s A WE Y AA 2 o,
off tigh 23} AHYA A o= YeRT

{fﬁ(Il):k[f()(x1)7fl(x1)]+fl(xl) (Sa)
F5(@y) =klfo(a,) = filay)] + f () (5.b)

2 (5)e] vAT k

o)
poS

g AARA 4 61 FET 5

fzi(%)*fl(xl)_ folzy) = filay) 6
o) =) o) —fi(zy) ©

4 6)e AgRNoz K8 HOM o
o Hawse Fokel 4T 4L thea

=]
Hol| F1
e,

o}

[y () )][(f(( > fi())]
R S (A i S ()

=

A A1717] $§13}e]

4 (AN MAZSE A9 AZE ¢
o o).

=S
7 zy0 BAE v o] Hol3

ro m

Ty=z;+1 ®)

2 (8)e] BAZF Adee dadolx g a3t z,00
gt filx) @ fi(a,)7F FAAR A (1) Fol7F 7}
etk A (8)& A (Mol didsle] shuhe] v o
of ate] Al AL oy Pk

s (z)) = £ DI(fy (@, +1) = fr(z, +1))] 9
mxﬁﬂ)ﬁuﬁ1MU(J*M%m=O ©)

A7V filw) 3 f5(z +1)& AX z, z+10049
MTF #& owgttt. sid A= o]F X2 v
AUF 55 S8t olFold + k. = F-4 9
At +1pm oET fAA ] MTF dlelH
FE2 f;(2)T f;@+1)E 1 digTFozN 2
(DE Fold & stk ol Folx= HolH = o]
B2 fola)? f(z+1)8 A7 [, £ 2 A8
gttt A (9F Ao AR zel dig 524 Fla)
2 gojaty vhF3 A

z) = [fs, = [i@(folz+1) = f(z+1))
7[fngf1(x+1)][(f()(x) *f/(I)) =0

—_
—
(=}

=

webA Fz) =08 WHshs o8& Folde=xs 3t
Al A @A 7 vasol s S FAADE 5 At

HEEES

1HAA sete B4l elAste] Aze 2lEAY
2 Pasoich. Ate dueEe wA s
WelRel ol WARAD, Heole 3 WA,



914 sidlete] 9E EvE e

g 2gd HEANY daes 71

BA A AA dAGEHADS 39AR AT, &
139 NIAEE Figure 79 YeERAT

( Refocusing Algorithm )

[ o] |

ExtractMTF Data Calcula.te ﬂlJe Amount of
Misalignment

[ Step 1 Step 3 ]

Move M2
within Possible Range

Fig. 7 Schematic of the Suggested Refocusing
Algorithm

3148 A THd e A 2314 (8)2
XA HAYFY] FE5E F
Figure 7] Yetd 2lx A dazlFe] AN 8 %
e v 2k

Step 1 @ B4 7Fe WA= ol&

YEAY daueFe] B WelE £30umeltt &
ARk kA Tebgk T EAS oF £11um HEIOlA
AT webA A (1002 ol&skr] flske] s
Aoz 57 olFe] 87HTh WA t]xasel~ 7t
ol tate] B WMLl £30umE 3T R Yo
ZF gRbel 91AIgE A st +11pum HS R
AAels = 2dAE FPIH. ATIE
—30pum < x <—1lpm, BTIHE —1lum <z < 1lpm,
CTZHe 1lpm <z < 30pumeFal Aol o,
242t +19pm, Opm, —19um WHEe %] ol& S <
sl B7E el 1218 5 2l

A F-73o tizso]a7t Bzl AAet=A w
a7 91 71&S MTF 10%= A3kSith Figure 68

18 a

Zuagle u RE "E W Ago] dfeted MTF
frel 10% ol74<l 49 B73ts etz 4 (10)9]

MTF gkol 10% olskel 4% 7742 C
TRkl 9RFh BRI oRe] o] %S 9)ate] the
2o 34 A WA MTFE gkl 10% okl 7
S +19umel $1A) olFE FABTE Al AT )
o 9g A% ;

ol F —llpm <z <8um el 9

Al =w o] By-itell s etth. shAIRk K- e] C
ol S AE ols F 30um <x<49pum el $

A5t A ek webA 3 WA ols & MTF & 54
ato]l 10% olatql A9 oAl —38ume] 1A ol &<
Fygoh 34 271 fA7F CRE Well AME A
T —8um <z <l1llpum el AsA HH
ol Byztel af@gtt webs 1dAlel A= FA ol
AT RS AS, BFEl f1Xg Ag, CFit
AT Bl diste] ZbzF 19, 0W, 29e] 91| o]
5ol T
Step 2 : MTF dlolE] &

21 (10)9] Foldl "dast dHolHE dv= dAolt.
B A9 % 2709 9], = oz, x,914 MTF dlo]
ol= 2 (5)¢F ol & $A A
TF FZ&3 +1pm ©]&d $1AoA e MTF tle]
= —ir%% ol g}, whebA] 2Alol A o] H-A o] 94A
ol s T 1H FPHL

o),

%Hﬂalz T A A2 MTF F=& 7]& 28
ol g XA dugF LI PSS AFE3Y[13].
W oo #oe =8 MTF F£2 0189 939
4L B Sy WA A AAAE B8
e Fsta, 42 FAe BE AA & 2 I
o] Wt7] HolHE F33it) ¥7] deolge Ax ¥y
S 538 PSF &5 95 & o, o5 Fd |
glslo] MTF #S 45 4 9t

F3¥ MTF dHlolElE ¢]&3te] A4 7& A=
FE & 9 FAHsE wAelth 199t 29
5 AA #3279 dveleE A (10l tiste]
R0 WS T ado] s Ak

HFH oz Al A FH F o5
W, Hd 59 FPEm oo wE MTF
49, A 6Wo] R A Ad 7 gAle Al
B 3% BAHE Figure 89 &4 % 2oz Yelyd
c}.

#H4 3

F2e A4



72 olctd- A

3-51)7]

Start
¥

Current position
: Image of a Star
v

Get the MTF(x1)
v

MTF > 0.1
Yes ; No

Move the M2 : +1 Move the M2 : +19
.
: Image of a Star : Image of a Star
Get the MTF(x2) Get the MTF(x1)
¥

Move the M2 : +1 MTF > 0.1

: Image of a Star Yes No

Get the MTF(x3) Move the M2 : -38

I : Image of a Star
v

Calculate the Position : x1
Get the MTF(x1)

v
Move the M2 to 0
: Image of a Star

Get the MTF

End

Fig. 8 Flow Chart of Supposed Refocusing
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Table 3 Interconnected Simulation Results

(Existing Algorithm & Suggested Algorithm)

Existing|Suggested

Algorithm[13] Algorithm

Max. | Min. | RMS | Max. | Min. | RMS

* o E*** * o E***
Case 1 | 0.1 -0.1 1 0.02 | 0.1 -0.1 | 0.03
Case 2 | 0.2 | -0.6]0.15|0.1 -0.1 | 0.03
Case 3 |08 | -14]041 0.1 -0.1 | 0.03
Case 4 | 0.2 | -1.6]0.16 | 0.1 -0.1 | 0.03
Case 5 |09 | -14]046 0.1 -0.1 | 0.05
Case 6 | 0.5 | -1 0.27 | 0.1 -0.1 | 0.03

Case 7 |14 | -2 0.70 | 0 -0.1 | 0.03
“Maximum Error(um)

“"Minimum Error(um)

"Root Mean Square Error(um)

Existing Algorithm

Suggested Algorithm

Error(um)
Error(um)

10 o O E E 2 0 o 10
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Fig. 9 Interconnected Simulation Results @Case 7
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